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Dynamic Frequency Selective Surfaces 



Related Applications 

[0001] This application contains subject matter related to co-pending Application 
Attorney Docket Number DP-309795 / U.S. Application Serial Number XX/XXX,XXX filed 
Month, Date, YEAR. 

Technical Field 

[0002] The present invention generally relates to frequency selective surfaces and, more 
particularly, to dynamically adjustable frequency selective surfaces. 

Background of the Invention 
[0003] Automotive vehicles are commonly equipped with audio radios that receive and 
process signals relating to amplitude modulation / frequency modulation (AM/FM) antennas, 
satellite digital audio radio systems (SOARS) antennas, global positioning system (GPS) 
antennas, digital audio broadcast (DAB) antennas, dual-band personal communication 
systems digital/analog mobile phone service (PCS/AMPS) antennas, Remote Keyless Entry 
(RKE) antennas. Tire Pressure Monitoring System (TPM) antennas, and other wireless 
systems. 

[0004] SDARS, for example, offer digital radio service covering a large geographic area, 
such as North America. Satellite-based digital audio radio services generally employ either 
geo-stationary orbit satellites or highly elliptical orbit satellites that receive uplinked 
programming, which, in turn, is rebroadcast directly to digital radios in vehicles on the 
ground that subscribe to the service. SDARS also use terrestrial repeater networks via 
ground-based towers using different modulation and transmission techniques in urban areas 
to supplement the availability of satellite broadcasting service by terrestrially broadcasting 
the same information. The reception of signals from ground-based broadcast stations is 
termed as terrestrial coverage. Hence, an SDARS antenna is required to have satellite and 
terrestrial coverage, and each vehicle subscribing to the digital service generally includes a 
digital radio having a receiver and one or more antennas for receiving the digital broadcast. 
The satellite and terrestrial coverage may be enabled via the implementation of a single 
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antenna element, or alternatively, two antennas, each respectively receiving satellite and 
terrestrial-rebroadcast signals, which are typically referred to as a dual antenna element. 
[0005] Besides SDARS, other vehicular communication systems may include one or 
more antennas to receive or transmit electromagnetic radiated signals, each having 
predetermined patterns and frequency characteristics. These predetermined characteristics 
are selected in view of various factors, including, for example, the ideal antenna radio 
frequency (RF) design, physical antenna structure limitations, and mobile environment 
conditions. Because these factors compete with each other, the resulting antenna design 
typically reflects a compromise as a result of the vehicular antenna system operating over 
several frequency bands (e.g., AM, FM, SDARS, GPS, DAB, PCS/AMPS, RKE, TPM, and 
the like) each having distinctive narrowband and broadband frequency characteristics and 
distinctive antenna pattern characteristics within each band. To accommodate these and other 
design considerations, a conventional vehicle antenna system can use several independent 
antenna systems while marginally satisfying basic design specifications. 
[0006] A significant improvement in mobile antenna performance has been achieved by 
using an antenna that can alter its RF characteristics in response to changing electrical and 
other physical conditions. As seen in Figure 1, one type of antenna system seen generally at 
100 has been proposed to achieve this objective. The antenna system 100 is known as a self- 
structuring antenna (SSA) system. An example of a conventional SSA system is disclosed in 
U.S. Patent No. 6,175,723 ("the '723 patent"), entitled "SELF-STRUCTURING ANTENNA 
SYSTEM WITH A SWITCHABLE ANTENNA ARRAY AND AN OPTIMIZING 
CONTROLLER," issued on January 16, 2001 to Rothwell HI, and assigned to the Board of 
Trustees operating Michigan State University. The SSA system 100 disclosed in the '723 
patent employs antenna elements that can be electrically connected to one another via a series 
of switches to adjust the RF characteristics of the SSA system as a function of the 
communication application or applications and the operating environment. A feedback signal 
provides an indication of antenna performance and is provided to a control system, such as a 
microcontroller or microcomputer, that selectively opens and closes the switches. The 
control system is programmed to selectively open and close the switches in such a way as to 
improve antenna optimization and performance. 

[0007] Conventional SSA systems, such as the SSA system 100, may employ several 

switches in a multitude of possible configurations or states. For example, an SSA system that 
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has 24 switches, each of which can be placed in an open state or a closed state, can assume 
any of 16,777,216 (2^^) configurations or states. Assuming that selecting a potential switch 
state, setting the selected switch state, and evaluating the performance of the SS A using the 
set switch state takes 1 ms, the total time to investigate all 16,777,216 configurations to select 
an optimal configuration is 50,331.6 seconds, or approximately 13.98 hours. During this 
time, the SSA system loses acceptable signal reception. Search time associated with 
selecting a switch configuration for a conventional SSA system may be reduced by 
incorporating a memory device with the conventional SSA structure. The memory device as 
discussed above is described in currently pending and related patent application serial number 
XX/XXX,XXX and invention record file number DP-309795 by the same inventor of the 
present invention. Essentially, the memory device evaluates a reduced number of the 
possible switch configurations for the SSA when a station, channel, or band is changed to 
reduce search times and provide improved SSA performance. 

[0008] As seen in Figures 2A and 2B, known FSS, which are seen generally at 200a, 
200b may include a plurality of dipole elements 201 (Figure 2 A) arranged in a generally 
vertical direction or a planar slot array 203 (Figure 2B) in a conductive surface. When the 
dipole elements 201 are resonating, the array is completely reflective, and, when the slot 
elements 203 are resonating, the conductive surface is completely transparent. As a result, 
the dipole array 201 acts as a spatial band-rejection filter and the planar slot array 203 acts as 
a spatial band-pass filter. Accordingly, when transmitting radiation is blocked, signals 
relating to a certain polarization, such as vertical, horizontal, LHCP, right-hand-circular 
polarization (RHCP), or the like, are reflected, transmitted, or absorbed by the FSS. 
[0009] Although adequate for most applications, conventional FSS, such as those seen in 
Figures 2A and 2B, are designed to provide a surface with fixed characteristics designed to 
meet a well-defined application. For example, as stated above, when a vehicular antenna 
systems includes AM, FM, SDARS, GPS, DAB, PCS/AMPS, RKE, TPM, and other 
frequency bands received by an SSA or non-SSA systems, the FSS is designed to only 
reflect, transmit, or absorb a signal at one specific frequency or polarization. Therefore, in 
one example, when a system operates an SDARS application receiving both LHCP celestial- 
transmitted signals and vertically-polarized terrestrial-retransmitted signals, conventional FSS 
would have a fixed surface electromagnetic characteristic for the LHCP or vertically- 
polarized signal (i.e. energy) - not both polarizations, nor at different frequency bands when 
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a channel or station is changed, nor for changing environmental conditions, such as, for 
example, the pitch of a vehicle on a hill that effects the elevation angle of the antenna(s), or 
the location of a vehicle in a lossy location such that trees or tall buildings obstructs the line 
of sight of the received signal(s). 

[0010] Accordingly, it is therefore desirable to provide an improved FSS that 
dynamically changes its surface characteristics for a plurality of frequency bands, 
polarizations, and changing environmental conditions. 

Summarv of the Invention 
[0011] The present invention relates to an antenna system. Accordingly, one 
embodiment of the invention is directed to an antenna system comprising at least one antenna 
element and an adaptable frequency-selective-surface responsive to operating characteristics 
of the at least one antenna element and/or surrounding environmental conditions. 

Brief Description of the Drawings 
[0012] The present invention will now be described, by way of example, with reference 
to the accompanying drawings, in which: 

[0013] Figure 1 illustrates a known self-structuring antenna (SSA) system; 

[0014] Figures 2A and 2 illustrates known frequency-selective surfaces (FSS); 

[0015] Figure 3 illustrates a FSS according to an embodiment; 

[0016] Figure 4 illustrates an FSS according to another embodiment; 

[0017] Figure 5 illustrates an FSS according to another embodiment; and 

[0018] Figures 6A-6H illustrates examples of element geometries applicable to the FSS 

in Figures 3-5. 

Description of the Preferred Embodiment 
[0019] Referring generally to Figures 3-6H, the above described disadvantages are 
overcome and a number of advantages are realized by an inventive frequency-selective- 
surface (FSS) seen generally at reference numerals 300, 400, and 500 in Figures 3-5, 
respectively. As described in greater detail below, the FSS 300, 400, 500 is designed to 
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change radio frequency (RF) surface characteristics in response to antenna characteristics and 
other environmental conditions. To achieve this, the FSS 300, 400, 500 incorporates a self- 
structuring capability in response to the operating characteristics of an antenna 302, 402, 502 
and/or the environmental conditions. Accordingly, the FSS 300, 400, 500 is hereinafter 
referred to as a "self-structuring frequency selective surface" (SSFSS) 300, 400, 500. As 
opposed to the '723 patent, which teaches a self-structuring antenna (SSA) including a 
plurality of individual elements connected by switches to re-shape an antenna for reception of 
desired frequencies, the SSFSS 300, 400, 500 of the present invention recites a plurality of 
elements 303, 403, 503 electrically connectable by switches 305, 405, 505 incorporated into a 
surface 301, 401, 501, such as, for example, a ground plane including a dielectric substrate, 
that restructures the surface 301, 401, 501 for reflecting, transmitting, and absorbing signals 
defined by operating frequencies or polarizations. As a result, the SSFSS 300, 400, 500 
continuously maximizes its RF characteristics in dependant fashion based upon on the 
operating antenna 302, 402, 502 and environment conditions. 

[0020] The SSFSS 300, 400, 500, may be designed to receive any desirable signal, such 
as, for example, between the 800MHz to 5,8 GHz range, including, but not limited to AMPS, 
which operates on the 824-849 and 869-894 MHz bands, DAB, which operates on the 1452- 
1492 MHz band, commercial GPS, which operates around 1574 MHz (LI Band) and 1227 
MHz (L2 Band), PCS, which operates on the 1850-1910 and 1930-1990 MHz bands, and 
SDARS, which operates on the 2.32-2.345 GHz band. However, AM/FM, which operates on 
the 540-1700 kHz and 88.1-107.9 MHz bands, and other similar antennas that operate on 
other lower frequencies may be included in the design as well. Referring initially to Figure 3, 
a block diagram of the SSFSS 300 according to an embodiment is shown. The SSFSS 300 
includes a surface 301 that is orientated in a generally parallel configuration with respect to 
the receiving antenna 302. Conversely, as seen in Figures 4 and 5, the surface 401, 501 is 
orientated in a generally perpendicular manner with respect to the antenna 402, 502. 
Explained in greater detail below with respect to its functionality, the SSFSS 500 includes a 
plurality of surfaces 501a-501f, as opposed to a single surface, as seen in Figures 3 and 4. 
Additionally, although planar, two-dimensional surfaces 301, 401, 501a-501f are shown, 
single- or three-dimensional surfaces may be incorporated as well. Although the above- 
described difficulties of prior art systems 200a, 200b have been described as applied to 

vehicular antenna systems, the SSFSS 300, 400, 500, embodiments of the invention are not 
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limited to a vehicular antenna system. As such, the SSFSS 300, 400, 500 may be 
implemented as a standalone unit, such as, for example, a portable entertainment system. 
[0021] In operation, a transmitter/receiver 304, 404, 504 receives a radiated 
electromagnetic signal, such as an RF signal, via the antenna 302, 402, 502 over line 307, 
407, 507. Depending on the particular application, the radiated electromagnetic signal can be 
of any of a variety of types, including but not limited to AM, FM, SDARS, GPS, DAB, 
PCS/AMPS, RKE, TPM, and other frequency bands, such as, for example, a UHF or VHP 
television signal, or the like. Although illustrated as a single antenna element, the antenna 
302, 402, 502 may include a dual antenna element for receiving, in one example, terrestrial- 
repeated and celestial signals in an SDARS application, or, alternatively, the antenna 302, 
402, 502 may be a self-structuring antenna (SSA) as described in currently pending 
application serial number XX/XXX,XXX and DP-309795 that receives any desirable radiated 
electromagnetic signal(s). If the antenna 302, 402, 502 is a SSA, the SSA antenna 302, 402, 
502 may utilizes the elements seen at reference numerals 304-310 in a similar manner as 
described in Attorney Docket Number DP-309795 / U.S. Application Serial Number 

xx/xxx,xxx. 

[0022] A switch controller 308, 408, 508 provides control signals to the switches 305, 
405, 505 to selectively open or close the switches 305, 405, 505 to implement particular 
surface configurations. The switch controller 308, 408, 508 is operatively coupled to the 
switches 305, 405, 505 via control lines 319, 419, 519. The switch controller 308, 408, 508 is 
also operatively coupled to a memory module 310, 410, 510 via a bus 317, 417, 517. The 
memory module 310, 410, 510 stores surface configurations or switch states and is 
addressable using lines 313, 413, 513 from an algorithm processor 306, 406, 506 or lines 315, 
415, 515 from the transmitter/receiver 304, 404, 504. It should be noted that the memory 
module 310, 410, 510 need not store all possible surface configurations or switch states. For 
many applications, it would be sufficient for the memory module 310, 410, 510 to store any 
desirable amount of configurations, such as, for example, up to several hundred possible 
surface configurations or switch states. 

[0023] Any of a variety of conventional memory devices may comprise the memory 

module 310, 410, 510 including, but not limited to, RAM devices, SRAM devices, DRAM 

devices, NVRAM devices, and non-volatile programmable memories, such as PROM devices 

and EEPROM devices. Alternatively, the memory module 310, 410, 510 may also include a 
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magnetic disk device or other data storage medium. The memory module 310, 410, 510 can 
store the surface configurations or switch states using any of a variety of representations. In 
some embodiments, each switch 305, 405, 505 may be represented by a bit having a value of 
1 if the switch305, 405, 505 is open or a value of 0 if the switch 305, 405, 505 is closed in a 
particular surface configuration. Accordingly, each surface configuration is stored as a 
binary word having a number of bits equal to the number of switches 305, 405, 505 included 
within the surface 301, 401, 501. The surface 301, 401, 501 may include any desirable 
amount of switches 305, 405, 505 and switching elements 303, 403, 503. For example, if 
seventeen switches 305, 405, 505 are included in the surface 301, 401, 501, each surface 
configuration would be represented as a 17-bit binary word. 

[0024] In operation, the algorithm processor 306, 406, 506 selects a surface configuration 
appropriate to the operational state of the SSFSS 300, 400, 500 (i.e., the type of radiated 
electromagnetic signal received by the transmitter/receiver 304, 404, 504 or the particular 
frequency or frequency band in which the SSFSS 300, 400, 500 is operating). For example, 
the transmitter/receiver 304, 404, 504 may provide a control signal to the algorithm processor 
306, 406, 506 or the memory module 310, 410, 510 that indicates the operational mode of the 
antenna 302, 402, 502, (i.e., whether the antenna 302, 402, 502 is to be configured to receive 
an AM, FM, SDARS, GPS, DAB, PCS/AMPS, RKE, TPM, or the like). The 
transmitter/receiver 304, 404, 504 may also generate the control signal as a function of the 
particular frequency or frequency band to which the transmitter/receiver 304, 404, 504 is 
tuned. The control signal may also indicate certain strength or directional characteristics of 
the radiated electromagnetic signal. For example, the transmitter/receiver 304, 404, 504 may 
provide a received signal strength indicator (RSSI) signal to the algorithm processor 306, 
406, 506. 

[0025] The algorithm processor 306, 406, 506 responds to the control signal by initiating 

a search process of the conceptual space of possible surface configurations to select an 

appropriate surface configuration. Rather than beginning at a randomly selected surface 

configuration each time the search process is initiated, the algorithm processor 306, 406, 506 

starts the search process at a switch configuration that is known to have produced acceptable 

surface characteristics under the prevailing operating conditions at some point during the 

usage history of the SSFSS 300, 400, 500. For example, the algorithm processor 306, 406, 

506 may address the memory module 310, 410, 510 to retrieve a default switch configuration, 
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such as elements 303, 403, 503 having symmetry, for a given operating frequency. 
Symmetry of the elements 303, 403, 503 helps in running through matrices with equations so 
the computations stay within certain bounds to restrain computation time by identifying a 
geometry at switches 305, 405, 505. If the default configuration produces acceptable surface 
characteristics, the algorithm processor 306, 406, 506 uses the default switch configuration. 
On the other hand, if the default switch configuration no longer produces acceptable surface 
characteristics, the algorithm processor 306, 406, 506 searches for a new switch configuration 
using the default switch configuration as a starting point. Once the algorithm processor 306, 
406, 506 finds the new switch configuration, the algorithm processor 306, 406, 506 updates 
the memory module 310, 410, 510 via the lines 313, 413, 513 to replace the default switch 
configuration with the new switch configuration. 

[0026] Regardless of whether the algorithm processor 306, 406, 506 selects the default 
switch configuration or another switch configuration, the algorithm processor 306, 406, 506 
indicates the selected switch configuration to the switch controller 308, 408, 508 via lines 
311, 411, 511. The algorithm processor 306, 406, 506 communicates with the memory 
module 310, 410, 510 and the switch controller 308, 408, 508 to determine if the memory 
module 310, 410, 510 data should be communicated to the switch controller 308, 408, 508 
via the bus 317, 417, 517 such that the binary word stored in the memory module 310, 410, 
510 corresponds to the selected surface configuration determined by the algorithm processor 
306, 406, 506. If the algorithm processor 306, 406, 506 determines that the memory module 
data does not need to be loaded, then the algorithm processor 306, 406, 506 may alternatively 
suggest a new switch configuration on its own. In either method, the switch controller 308, 
408, 508 receives the binary word via the line 311, 411, 511 or bus 317, 417, 517 and, based 
on the binary word, outputs appropriate switch control signals to the switches 305, 405, 505 
via the control lines 319, 419, 519. The switch controller 308, 408, 508 signals selectively 
open or close the switches 305, 405, 505 as appropriate, thereby forming the selected surface 
configuration. 

[0027] The algorithm processor 306, 406, 506 is typically configured to operate with one 

or more types of processor readable media, such as a read-only memory (ROM) device 312, 

412, 512. Processor readable media can be any available media that can be accessed by the 

algorithm processor 306, 406, 506 and includes both volatile and non-volatile media, 

removable and non-removable media. By way of example, and not limitation, processor 
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readable media may include storage media and communication media. Storage media 
includes both volatile and non-volatile, removable and non-removable media implemented in 
any method or technology for storage of information such as processor-readable instructions, 
data structures, program modules, or other data. Storage media includes, but is not limited to, 
RAM, ROM, EEPROM, flash memory or other memory technology, CD-ROM, digital video 
discs (DVDs) or other optical disc storage, magnetic cassettes, magnetic tape, magnetic disk 
storage or other magnetic storage devices, or any other medium that can be used to store the 
desired information and that can be accessed by the algorithm processor 306, 406, 506. 
Communication media typically embodies processor-readable instructions, data structures, 
program modules or other data in a modulated data signal such as a carrier wave or other 
transport mechanism and includes any information delivery media. The term "modulated 
data signal" means a signal that has one or more of its characteristics set or changed in such a 
manner as to encode information in the signal. By way of example, and not limitation, 
communication media includes wired media such as a wired network or direct-wired 
connection, and wireless media such as acoustic, RF, infrared, and other wireless media. 
Combinations of any of the above are also intended to be included within the scope of 
processor-readable media. 

[0028] Additionally, a feedback sensor, such as a sensor antenna 314, 414, 514, may be 

connected to the transmitter/receiver 304, 404, 504 at line 321. Essentially, according to one 

embodiment, the sensor antenna 314, 414, 514 provides an indication of SSFSS performance. 

The feedback signal provided over line 321, 421, 521 may be used by a microprocessor, the 

memory module 310, 410, 510, the algorithm processor 306, 406, 506, or switch controller 

308, 408, 508 to appropriately alter the FSS surface by opening and closing the various 

switches 305, 405, 505. In another embodiment, the sensor antenna 314, 414, 514 may 

harvest environmental condition data, such as for example, position data from, for example, 

GPS. More specifically, in an implementation example, the sensor antenna 314, 414, 514 

may supplement the SSFSS system 300, 400, 500 with data corresponding to the vehicle's 

position to be utilized when the vehicle encounters a lossy reception area, such as for 

example, when the signal is obstructed by an area with trees or tall buildings, or alternatively, 

when the vehicle is pitched on a hill, effecting the elevation angle of the antenna. As a result, 

the SSFSS system 300, 400, 500 may cross-reference the GPS data with the above-described 

antenna data to cause the controller 308, 408, 508 to register a surface configuration that 
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gives best results for the particular location or environmental condition of the SSFSS system 
300, 400, 500. 

[0029] In another embodiment, as seen in Figure 5, layered SSFSS surfaces 501a-501f 
are shown. Although only six layered surfaces are shown, the invention is not limited to six 
surfaces and any desirable amount of surfaces may be included in the design of the invention. 
Additionally, although the surfaces 301, 401, and 501a-501f are shown as generally planar 
surfaces, the surfaces 301, 401, 501a-501f may be non-planar surfaces, such as, in the shape 
of a lens to provide additional control of the lobbing of the signals, S. The layered surfaces 
501a-501f are referred to as a 'stack volume' comprising discrete surfaces. Essentially, each 
surface 50 la-50 If provides a different electromagnetic characteristic that permits more 
dynamic operation of the SSFSS system 500 when the antenna(s) 502 operate at different 
frequency bands or polarizations. 

[0030] In another embodiment of the invention, the 'stack volume' of surfaces may also 

be connected to each other via switches perpendicularly traversing each surface 501a-501f to 

form a cubic volume rather than being discrete surfaces. Accordingly, by positioning the 

stack volume as illustrated, the stack volume is considered to partially encapsulate the 

antenna 502. In yet another embodiment, rather than partially encapsulating the antenna, the 

stack volume may include additional surfaces forming 'walls' and a 'lid' that entirely 

encapsulates the antenna, thereby forming a 'stack volume shell' about the antenna 502. 

[0031] Although a single surface, such as the surface 401, may be adequate when the 

antenna 402 is operating at fewer frequencies, the single surface 401 may only incorporate 

thirty-two switches 405. Conversely, when the antenna 502 may cover multiple frequency 

bands or polarizations, hundreds of switches 505 may have to be incorporated in a single 

surface 501. In such a scenario, processing time of the SSFSS system 500 may be 

undesirable increased to find an appropriate surface 501 including an optimum reflective, 

transmittive, or absorbing effect. Therefore, by stacking multiple surfaces 501a-501f each 

dedicated to a specific frequency, the number of switches 505 may be limited to thirty-two 

switches 505 or less, and, as a result, the time to calculate an optimum surface characteristic 

is limited and maintained. As a result, layered surfaces 501a-501f broadens the overall 

bandwidth of the SSFSS system 500 and improves roll-off characteristics. Additionally, by 

limiting the number of switches 505 in a multi-surface SSFSS system 500, the manufacturing 

process of the SSFSS 500 may be simplified as well. 
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[0032] In an application-specific example, multiple layering of three surfaces 501a-501c 
may be provided for an SDARS application for the antenna 502 while also incorporating a 
GPS application relating to the sensor antenna 514. Surface 501a may be dedicated to LHCP 
SDARS signals, surface 501b may be dedicated to RHCP GPS signals, and surface 501c may 
be dedicated to vertically-polarized terrestrial signals. In operation, all three surfaces may be 
operated at the same time, or alternatively, one or two surfaces may be deactivated at any 
given time by the algorithm processor 506 via the transmitter/receiver 504, 
[0033] Referring now to Figures 6A-6H, various geometries of the switching elements 
303, 403, 503 may be incorporated into the design of the SSFSS 300, 400, 500 are seen 
generally at 600-614, respectively. In addition to the element geometries 600-614, dielectric 
materials, and element spacing may be used to alter the polarization and frequency 
characteristics of the SSFSS systems 300, 400, 500. As seen in Figures 6A-6D, element 
geometries 600-606 include switch contacts 605 to control the electric field whereas element 
geometries 608-612 may be incorporated as a slot in a surface, that is, similar to the 
rectangular slots seen in Figure 2B, to control the magnetic field. Geometry 614 is a solid 
surface. Geometry 600, which is in the shape of a rod, may be a dipole antenna including a 
length to operate at a certain frequency. The cross geometry 602 may be two dipole antennas 
orientated for dual polarization (i.e. LHCP, RHCP, elliptical polarization, slant polarization). 
The tabbed cross geometry 604 may be implemented for broad-banding effects. The Y- 
shaped geometry 606 may be implemented for elliptical polarization effects. As discussed 
above, the opened geometries, such as the open cross 608, the open square 610, and open 
circle 612 affect the magnetic field. The solid plate 614, on the other hand, may behave in a 
similar fashion as a patch antenna (not including a feed point) when a substrate (not shown) is 
incorporated underneath it. 

[0034] Accordingly, as seen in Figures 4 and 5, when the surface 401, 501a-501f is 

conductive the signals, S, may lobe towards the surface 401, 501a-501f in a nearly horizontal 

fashion. Alternatively, as seen in Figure 3, when the surface 301 is a high impedance surface, 

the signals, S, may lobe away from the surface. As such, depending on the geometry of the 

surface and/or antenna configuration, the signal, S, may lobe toward or away from the 

surface. Thus, lobbing characteristics of the electromagnetic signal may be selectively 

controlled as it impedes on the surface 301, 401, 501a-501f. As such, the SSFSS systems 

300, 400, 500 may selectively reflect, transmit, or absorb various forms of energy of various 
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polarizations and frequencies. More specifically, dipole elements 303, 403, 503 may be 
desired to be approximately X/2 (half wavelength) to make the SSFSS 300, 400, 500 
responsive to one frequency or a harmonic frequency. In another embodiment of the 
invention, impedance elements (i.e. resistive, capacitive, inductive, or a combination thereof) 
may be incorporated with dipole elements 303, 403, 503 to cause a reflective, transmittive, or 
absorbing surface. 

[0035] The present invention has been described with reference to certain exemplary 
embodiments thereof. However, it will be readily apparent to those skilled in the art that it is 
possible to embody the invention in specific forms other than those of the exemplary 
embodiments described above. This may be done without departing from the spirit of the 
invention. The exemplary embodiments are merely illustrative and should not be considered 
restrictive in any way. The scope of the invention is defined by the appended claims and 
their equivalents, rather than by the preceding description. 
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